In this paper a new methodology for the diagnosing of skin cancer on images of dermatologic spots using image processing is presented. Currently skin cancer is one of the most frequent diseases in humans. This methodology is based on Fourier spectral analysis by using filters such as the classic, inverse and k-law nonlinear. The sample images were obtained by a medical specialist and a new spectral technique is developed to obtain a quantitative measurement of the complex pattern found in cancerous skin spots. Finally a spectral index is calculated to obtain a range of spectral indices defined for skin cancer. Our results show a confidence level of 95.4%. "Basal cell carcinoma and squamous cell carcinoma growth rates and determinants of size in community patients," J.
Introduction
Skin cancer is one of the diseases that affect humans. It is caused by the development of cancerous cells on any of the layers of skin and occurs when cells in a body part begin to grow out of control and spread to other organs and tissues. United States is one of the countries that has had greater incidence of this disease and represents an important health problem. There are three major types of skin cancer which are basal cell carcinoma, squamous cell carcinoma and melanoma [1, 2] . Basal cell carcinoma is the most common skin cancer, however is the least dangerous if it is detected early. This cancer appears in cells that are in the deeper layers of skin, usually in parts of the body that are exposed to the sun such as the face, head, neck, ears, shoulders and back, however occurs most often in the face, this type rarely causes a metastasis [3] [4] [5] [6] . Squamous cell carcinoma is the second most common type of skin cancer, which appears in the cells that make up the upper skin layers, it is more likely to spread to areas under the skin. It is usually found on parts of the body that are exposed to uv light, therefore it can appear on legs or feet, it can be locally invasive, it may be able to reach large sizes if is not detected early. It is able to cause metastasis [6] , classically it is presented as a nodule, papule or tumor [5] . Melanoma is the least common compared to other types, but is the most dangerous because it can cause death if is not detected early. It is able to take place anywhere on the skin, but is more likely to develop in certain locations. Like basal cell and squamous cell cancers, melanoma is almost always curable in its early stages [6, 7] .
Skin cancer is very common in Europe, Australia and USA [6] and is almost always curable if recognized and treated early. The major risk factors related are skin color, sun exposure, climate, advanced age, genetic and familial history. The best way to detect melanoma is to recognize a new spot in the skin or a spot that is changing in size, shape and color. Early detection of skin cancer can avoid death [8] .
Currently this disease represents a serious health problem, the search for an accurate clinical diagnosis has been a constant concern for dermatologists. Nowadays some methodologies on the area of image processing have been developed using algorithms or systems for detection and classification by means of techniques and computational methods, which have been applied in solving medical problems. These methodologies can be a very effective tool especially where there are not specialists, on other hand it is also a noninvasive tool for the patient [7] [8] [9] . Over the last decades image processing has been applied in different areas, allowing to improve the information on an image for its interpretation, representation, description, and processing.
In the last years several studies and works related with images of pigmented skin lesions for diagnosis and classifying skin lesion such as skin cancer have been developed by means of digital images analysis. Their main objective have been to provide an accurate diagnosis. Most studies are related to the diagnosis of malignant melanoma. Gola et al. [10] developed an automated dermatological tool to identify melanoma. Their algorithms are based on identifying three categories: reticular, globular and homogeneous blue pigmentation. An important aspect of their work is to extract the shape of the skin lesion and then extract features of interest. Each algorithm cannot make a final decision therefore they will develop a system correlating all algorithms in order to perform a correct diagnosis. Rahman and Bhattacharya [9] proposed a similar method to recognize melanoma malignant. They presented a decision system using different classifiers such as support vector machine (SVMs), k-nearest neighbors (K-NNs) and Gaussian maximum likelihood (G-ML). The morphology of the lesion is detected applying a thresholding-based segmentation method then the lesion mask is obtained which contains the area of the lesion in the grey level. Color features are extracted from the lesion mask to train the respective classifiers after a comparison of single classifiers are performed, where the highest percentage of precision obtained with one of the classifiers was 72.45%. In their method melanoma, benign lesions and dysplastic nevi were classified. Cavalcanti and Scharcanski [11] proposed a method for classifying pigmented skin lesions as benign or malignant using two classifiers: the k-nearest neighbors (KNN) and the KNN followed by a Decision three (KNN-DT). First a preprocessing is applied to the image where shading effects are attenuated, for this the original image of the RGB color space is converted to HSV color space. Then a segmentation method is developed considering texture and color patterns of the image, in this step some operation are applied to eliminate imperfections caused by noise. Of the segmented image a set of features is extracted according to the ABCD rule (i.e., asymmetry, border irregularity color variation and diameter). Both classifiers were trained with these features. The result showed an accuracy of 94.54% to predict a lesion as benign or malignant. The methodology proposed by Jaleel et al. [12] is based on image processing techniques using Artificial Neuronal Network. Their main objective was classify melanoma from other skin diseases. The image was preprocessed in order to remove the noise present in it. Then it is smoothed by the median filter. After the image is segmented and binarized using threshold segmentation. 2D wavelet transform is applied over the segmented image to extract the features such as mean, standard deviation, absolute mean, L1 norm and L2 norm. The network was trained with features. Therefore its accuracy rate is good however it can be improved for this system. Given a dermoscopic image Sadegui et al. [13] classified the absence or presence of a pigmented network. First the image was preprocessed applying a high-pass filter to remove the low-frequency noise. This step was made on different color transformations (NTSC, L*a*b*, red, green and blue). A Laplacian of Gaussian filter (LoG) was applied in order to find meshes or cyclic structures, which represent the presence of a pigmented network region. The set of subgraphs obtained is converted to a graph using an eight connected components analysis, after noise or unwanted structures are removed. Considering distance between nodes corresponding to a hole found in each subgraph a high-level graph is created. By mean of this graph is obtained the density ratio, which compares the number of edges in the graph with its vertices and the entire lesion area. Density is used to detect a pigmented network. They reported a percentage of classification of 94.3%. Barata et al. [14] proposed a system for detecting a pigmented network. This method uses directional filters. The image is converted in grayscale to remove hair and reflections caused by the dermoscopy gel. The intensity property is taken to enhance the pigment network applying directional filters and geometry or spatial organization is used to generate a binary net-mask. Therefore spatial organization is carried out whit the connection of all pixels. Then a label is assigned to each binary image that is with or without pigmented network. Features are extracted and used to train a classifier using the boosting algorithm. The algorithm was tested on a data set of 200 dermoscopy image (88 with pigment network and 112 without). They reported results of 82.1% for the classification. Betta et al. [15] described a method for detecting a typical pigmented network. This methodology is based on the combination of structural and spectral technique. The structural technique is made to identify the texture defined by local discontinuities such as lines and/or points. This is obtained by comparing the monochromatic image with the image which applied median filter. The spectral technique is based on the Fourier analysis of the image to obtain the spatial period of texture in this way a "regions with network" mask is created. Therefore this mask joins with segmented mask obtaining a "network image", where the lesion area and pigment network are highlight. Finally to quantify the nature of the network two indices related to the spatial and chromatic variability have been obtained. To evaluate the performance of this method 30 images were evaluated.
The majority of the studies published in the literature such as [16] [17] [18] include similar stages as in the works mentioned above. These methods consists, generally of four stages which are: (i) acquire de image set, (ii) segmentation (which include several methods i.e techniques based on edges, thresholding, histogram segmentation, region growing, etc.), (iii) feature extraction (iv) classification or detection of a lesion for diagnosis.
It is important to evaluate patients with spotted skin quickly and efficiently through a noninvasive technique easy to implement. The importance of obtaining an accurate diagnostic method has led to develop techniques based on image processing
The aim of this work has been to develop a new methodology for diagnosing skin cancer based on images processing techniques applying different techniques of Fourier spectral filtering such as classic, inverse and k-law nonlinear [19] .
Fourier spectral analysis techniques have demonstrated the capability to analyze important features from images in several fields being one of the most powerful tools.
Materials and methods

Image acquisition and construction of image bank
The image bank was created with images of skin cancer provided by the Dermatology Department of Centenario Hospital Hidalgo and the Instituto Nacional de Cancerología (INcan) in Mexico City. The images were classified as basal cell carcinoma, squamous cell carcinoma and melanoma by certified dermatologists after histopathological examination. Some images are shown in Fig. 1 . 
Multispectral analysis
Appendix A shows the mathematical analysis for skin cancer images. It can be observed after applying the methodology, the results do not present significant difference, thus any color channel or grayscale can be used.
Skin lesion segmentation
Image segmentation is one of the most important stages in image processing. Its objective is to partition an input image into regions or categories, it is still one of the most difficult tasks, however several segmentation techniques have been developed thus allowing its improvement. Biological images, because its complexity, have been more difficult for obtaining a good segmentation [20] . In this case our objective is to remove the healthy skin from the image to obtain the region that contain the skin lesion.
The thresholding method is used in this paper. First the original image is converted to grayscale, then the threshold method is applied, and finally the output is a binary image which we call a binary mask. Figure 2 shows the segmentation process. The binary mask function,
mask I x y , to obtain the binary image can be expressed as:
Where T is a threshold value and x, y are the coordinates of the threshold value point. Then all the gray level values greater than T will be classified as white taking the value 1, and all values less than or equal to T will be black taking the value 0. Finally, in order to do the binary mask the values are interchanged, of this way the interest area is filled with ones.
To avoid problems when determining the threshold value, the Otsu method was used which provides the optimal threshold value under the criterion of maximum variance between the background and the object. This can be expressed by 
The intensity matrix data of the selected channel are bitwise multiplied by the binary mask function 
Sub-images
The binary image was divided into twenty five sub-images ( , ) order to select only sub-images that contain information greater than or equal to one third of the total area of the sub-image. Figure 5 shows the sub-images that meet the condition for this case. 
Digital filters (spatial filters)
Appendix B gives us a complete description of the three spatial filters used in this work: classic filter [21] , inverse filter [22, 23] and the k-law nonlinear filter [24] .
Spectral index
The spectral density SSF may be defined as a function that contains the spectral properties of ( , ) 
Results
The methodology was applied to a set of 332 dermatologic images of different sizes provided by medical specialists. This image set contains images of skin cancer (260) and benign lesions (72). The classic, inverse and k-law nonlinear filter using different color transformation was applied to each image. (Table 1) . In this figure all three categories of skin cancer defined above are considered. Table 2 presents the intervals of spectral indices obtained by statistical analysis applying the k-law filter. In each channel it can be seen that there is a clear difference between the intervals obtained for skin cancer and lesion benign images, so the results shows that the both groups can be located in well-defined fringe. The classical and inverse filters were also analyzed obtaining the same values, this is due to the conditions applied over the spectral densities in each sub-image. This methodology has a confidence level of 95.4%. Considering now, separately different skin lesions like Basal cell carcinoma, Squamous cell carcinoma and Melanoma, Figs. 7, 8, and 9 show the boxplots of the spectral indices using the mean of the values with two standard errors, using a k-law filter. For Basal cell carcinoma 32 images, for Squamous cell carcinoma 30 images and for Melanoma 198 images were used. Again, we observe that there is not an overlap of the whiskers in each of the conditions for images of skin cancer and benign lesions. The different filters showed very similar results in all the cases. The range of values for the first two cancer types are a little lower when are compared with the range of values for melanoma. However, these welldefined fringes can be useful to determine the kind of skin cancer. The biological variability (hence the error bars) are much larger on benign than on malignant lesions. The main difference between Figs. 7 and 8 is the condition C (Table 1) . Thus the results in the three channels and in the grayscale are very similar, the numerical differences can be observed in the Tables 3, 4 , and 5. Table 6 shows a comparison about level of confidence with others works. 
Conclusions
This paper presents a new methodology for the diagnosis of skin cancer on images with spots through a spectral analysis using different types of filters such as classic, inverse and k-law nonlinear, making a frequency analysis into the RGB and grayscale channels. The confidence level is of 95.4%. After testing the filters the results obtained show a no significant difference, this is due to apply the conditions of the spectral density for obtaining the binarized image, therefore any filter on any channel can be used. Images of skin cancer and benign lesion were analyzed. The results show a clear difference between the intervals for the diagnosing of skin cancer and benign lesions. The results show that skin cancer presents a well-defined fringe of spectral indices, so the values obtained inside this fringe will be diagnosed as skin cancer.
It may be helpful for medical doctors who do not have enough experience in dermatology. Finally this system will provide a fast diagnosis for the medical field and it will be a noninvasive tool for the patient, therefore it can help prevent skin cancer Fig. 11 shows all the intensity profiles, where a small difference between each intensity profile can be observed, however after applying the methodology the results do not present significant difference, thus any color channel or grayscale can be used. 
